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This paper discusses different aspects related to the andesite and obsidian availability and 
circulation routes in different moments of the occupation sequence in the Pueyrredón-Posadas-
Salitroso (PPS) Lake Basin in the north, and the Burmeister-Belgrano (BB) Lake Basin to the south 
(north-west Santa Cruz province, Argentinian Patagonia). 
The distribution of raw materials - both in space and time - allows us to assert that potential 
regional circulation routes would have been affected differentially by the palaeolakes present from the 
Pleistocene up until the mid-Holocene. We are taking into account three sites: Cueva Milodón Norte 1 
(CMN1), located in the northeast coast of the Pueyrredón Lake, Cerro de los Indios 1 (CI1) (central 
portion of the PPS Basin), and Cerro Casa de Piedra 7 (CCP7) (near to the Burmeister Lake). This 
investigation considers six periods, based on the calibrated ranges from 73 radiocarbon dates: 17 from 
CI1, 14 from CMN1, and 42 radiocarbon dates from CCP7.  
As a result of this analysis we can conclude that, in sites with a higher density of occupation such 
as CI1 and CCP7, the use of obsidian (non-local rock) and andesite or basalt did not vary over time. In 
the case of CMN1, access to the sources of these raw materials varied according to the presence of 
large bodies of water, although it does not seem to have influenced the procurement of these rocks. 
 




1.1. Palaeolakes and human movements 
In the southern Andean Range, a rapid warming after ca. 15500 cal. years BP triggered a 
period of climatic fluctuations and retreating glaciers (Glasser et al. 2004). Northern and 
Southern Patagonian Ice Fields were separated ca. 11400 years BP; previously, both were part 
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of a single Ice Field that obstructed the course of the Baker River (Chile) (Mc Cullough et al. 
2000). 
Towards the end of the Pleistocene up until the mid-Holocene, big palaeolakes created by 
the contraction of mountain glaciers filled the space that had been previously covered by ice. 
One of them occupied the present basin of the Burmeister-Belgrano-Nansen-Azara-Mogote-
Volcán lacustrine system (BB). Around ca. 6900 BP it reached its highest level (900 m ASL) 
(Gonzalez 1990; 1992; Horta et al. 2017); meanwhile the latest evidence of drainage are ca. 
2200 cal. years old (Aschero et al. 2005; Cassiodoro et al. 2013). Today, Lake Burmeister 
drains to the Atlantic Ocean through River Roble, while Lake Belgrano drains to the Pacific 
Ocean (Figure 1). 
 
 
Figure 1. NW of Santa Cruz province, with the inferred extension of palaeolakes, archaeological sites and 
andesite and obsidian sources mentioned in the text. 
 
To the northwest, at a lesser altitude above sea level than the Burmeister-Belgrano Basin, 
another big palaeolake occupied the Cochrane (Chile)-Pueyrredón-Posadas-Salitroso Basin, 
shaping a single lacustrine system. This palaeolake was active with variable spatial coverage 
and different degrees of ponding between 11400 and 2200 cal. BP. These days, Lake Posadas 
and Lake Pueyrredón drain to the Pacific Ocean and to the east while the closed system of 
Lake Salitroso is fed by the Blanco River. The later and progressive drainage of these two big 
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palaeolakes, which began around 5900 years BP, was characterized by a series of fast and 
slow episodes of runoff. Fluvioglacial, glaciolacustrine moraine deposits, and U-shaped 
valleys are evidence of its glacial origin (Horta & Aschero 2010; Horta & Gonella 2009; 
Horta et al. 2016; Pereyra 1997). Picture 1 features a projection of the maximum extension 
reached by both lacustrine systems according to palaeoenvironmental indicators registered by 
Horta and compared to the current extension of the lacustrine system of the Posadas-
Pueyrredón-Salitroso Lake in the northwest and the Burmesiter-Belgrano Lake. 
Human circulation and available resources may have been altered by some natural-
caused factors such as the presence of barriers or other circulation impediments resulting in 
the need of long detours to access some environments and specific resources. Although the 
environment does not mechanically determine the responses in social organizations, it does 
constrain the set of strategies that can be implemented (Morales et al. 2009). Although not yet 
resolved, from an archaeological perspective timing and speed of drainage events have a 
significant importance in order to assess regional circulation and the election of certain 
landscapes for residential settlements (Bozzuto 2011; Carozza et al. 2012; Guraieb 2012).  
 
1.2. Research question 
This paper inquires about the possibility that the drainage of cordilleran palaeolakes 
could have shaped the circulation, availability and acquisition of andesite and obsidian at a 
regional scale during the Early and Middle Holocene periods. Archaeological sites in NW 
Santa Cruz could have been affected by the reduction in available residential space and 
possible routes to certain lithic procurement sources. 
We take into consideration different periods of the chronological sequence of three 
multicomponent residential sites. Cerro de los Indios 1 (CI1) is located at the southern margin 
of the Posadas-Pueyrredón-Salitroso Basin (PPS), Cueva Milodon Norte 1 (CMN1) at the 
northeast margin of the same basin, and Cerro Casa de Piedra 7 (CCP7), situated at the 
southern margin of the Burmeister-Belgrano Basin (Figure 1). All three were occupied at 
different moments during Holocene times. Thus, lithic records of some periods of these three 
sites should expose restrictions in regional mobility, revealing distinctive strategies of raw 
material selection and use throughout time. 
 
1.3. Previous researches 
Except for few published notes (Molina 1971) and a single archaeological campaign in 
Cerro de los Indios 1 (CI1) in 1977, research in the PPS Basin has been carried out on a 
regular base since 1991 until today. At the same time, archaeological research on the 
cordilleran region of the NW of Santa Cruz begun in the mid-1980s and has intensified since 
then. 
In an attempt to compare archaeological variability at a larger regional scale, during the 
1980s and the 1990s both basins were included in a single project. This area encompassed 
Perito Moreno National Park (PNPM) and the high plateaus to the northeast (Plateaus Del 
Águila, De la Chispa and Del Asador). Towards the north, sub-area Posadas Lake included 
the entire PPS Basin. The international limit with Chile was its western border (Aschero et al. 
1992).  
The PPS Basin is the lowest of the entire region (100 to 300 m ASL), making its climate 
far more benign for human occupation than any other contiguous areas. Different authors 
have proposed this basin to be a very suitable landscape to establish permanent or semi-
permanent residential settlements during late Holocene, also known as a period of regional 
increase of aridity (Goñi 2000).  
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Other teams began researching the archaeological record of different topographic units 
within the basin, thus increasing the archaeological information from the late hunter-
gatherers’ settlements (Aragone et al. 2004; Re 2006). Towards the eastern border of the 
basin, the closed system of Lake Salitroso concentrates the largest and most extensive burial 
area in the region, generally with just one or very few structures (García Guraieb et al. 2015). 
Its study provided relevant information about burial practices of Late Holocene hunter-
gatherers (Cassiodoro et al. 2004; Goñi et al. 2002).  
In the same basin, research on the northern bank of Lake Pueyrredón started in 2005 to 
establish directions and particularities of regional human peopling (Aschero et al. 2007; 
Bozzuto 2008). When CI1 was first occupied, only a part of the basin was available to the 
circulation below 300 m ASL. Previously, with the palaeolake at its maximum level, 
settlements as CMN1, located on the shore or nearby, had a much more restricted circulation 
across the landscape (Bozzuto 2011). 
In the Burmeister-Belgrano Basin, archaeological research identified two well-defined 
occupation spans (Early and Late periods) and an archaeological record selectively distributed 
in the landscape. Residential mobility characterized the Early period while a logistic use of 
landscape (sensu Binford 1981) defined the Late period. The presence of a big palaeolake 
caused a restriction on circulation routes and the possibility of access to certain places and 
resources (Aschero et al. 2005; González 1990; 1992). 
 
2. Methods 
2.1. Raw materials considered 
There are mainly three kinds of rocks represented amongst lithic raw materials of the 
archaeological record of the Pueyrredón-Posadas-Salitroso Basin: basalt or andesite, obsidian 
and different varieties of siliceous rocks. Other lithologies can be found as well but are 
significantly less abundant: different varieties of rhyolite (more or less vitreous), siltstone, 
dacites, silicified tuff, and non-identified vulcanite varieties. In the Burmeister-Belgrano 
Basin, obsidian is the most represented rock, followed by rhyolites, basalts, and siliceous 
rocks.  
Most of these come from secondary sources (sensu Nami 1992), concentrations of 
variable size of good quality boulders and pebbles, eroded, disintegrated, and transported 
from its original outcrops due to glacial or fluvial action as well as the combination of both 
agents. Those processes affected the Andean landscape of NW Santa Cruz province during 
the Pleistocene and its transition into the Holocene (Pereyra & Guraieb 1998a; 1998b). 
This analysis will only compare the accessibility and distribution of obsidian and basalt 
or andesite due to the fact that both raw materials have well-identified acquisition sources. 
This allows inferring routes and accessibility related to changes in levels and drainages of 
both lacustrine basins. On the contrary, siliceous rocks, the most represented lithology within 
a third category called "Others" which also includes rhyolite, siltstone, and less abundant raw 
materials, are pebbles and boulders mostly ubiquitous in the landscape.  
 
2.1.1. Basalt, Posadas andesite or andesite 
A black rock with plagioclase phenocrysts immersed in a vitreous and more or less 
opaque paste is one of the most abundant raw materials in many lithic assemblages of the PPS 
Basin. It was originally called "Posadas basalt" (sensu Ramos 1982; Riggi 1957). Due to its 
texture, mineralogical analyses pose some difficulties for microscopic identification, therefore 
requiring a chemical classification (Tivoli 2004; Tivoli 2005). Different authors have stated 
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that andesite is much more acidic than the Posadas basalt although these are macroscopically 
and petrographically similar (Mahlburg Kay et al. 1993; Ramos et al. 2004). 
This particular difficulty led Dr. Charles Stern to perform geochemical analyses on three 
basalt samples: from CI1 site, from a secondary source located on a terrace near River Tarde 
3.5 km to the west of CI1, and from the Chilean Chacabuco area. Chemical ranges (in ppm) 
revealed provenience relationships between those three sets of samples.  
Major geochemical elements analyses showed that all samples had 62-67% of SiO2. 
Basalts percentages of SiO2 are clearly under 52%, so the former Posadas basalt begun to be 
called "Posadas andesite" in Chilean literature (Méndez et al. 2004, and others) or simply 
"andesite" (Guraieb et al. 2006).  
 We assume that basalt and andesite varieties have a wide distribution throughout the 
whole regional landscape. For instance, as a result of a later retroarc magmatic outpouring, 
there is a discrete adakite outcrop in the Cerro Pampa area, the same location where obsidian 
comes from. Adakite is an andesite of Miocenic origin, much younger than the Posadas 
basalt, and part of an outcrop of acidic magmatic bodies (rhyolitic, dacitic, and andesitic) the 
same as the Iglesia and Ventana hills (Ramos et al. 2004).  
Although those samples are macroscopically similar to the andesite coming from the 
Tarde River source, there are no geochemical analyses on archaeological basalt or andesite 
samples coming from the north section of the PPS Basin or from the Burmeister-Belgrano 
Basin. Taking into consideration the distribution of basalt plateaus at a regional level, we 
cannot assure that Tarde River supplied the entire region, although it has been recognized as 
far as in the Chacabuco River Basin, Chilean IX Region. 
 
2.1.2. Obsidian 
A historical issue in NW Santa Cruz province archaeological research was to unravel the 
origin of a fair quantity of black obsidian artefacts, cores, and flake debris identified in 
surface and stratigraphic lithic assemblages from the BB Basin, PPS Basin, and Ibañez River 
Basin (IX Region, Chile). Some evidences of obsidian pebbles near Cerro Pampa and De la 
Chispa Plateau were found between 1989 and 1995 (Espinosa & Goñi 1999). Geochemical 
analyses performed on 67 archaeological obsidian samples from the entire province and 92 
pebbles from this huge but disperse potential secondary source enabled the identification of 
three chemical types based on different percentages of rubidium, strontium, and barium: 
Pampa del Asador (PDA I), Cerro Pampa (PDA II), and Pampa de la Chispa (PDA III) (Stern 
1999). Chemical composition and age of the archaeological samples correlates 89% with the 
secondary source named PDA I.  
A higher basaltic plateau lies between Pampas del Asador and de la Chispa, both above 
600 m ASL. Obsidian nodules can be found scattered on both plateaus and around Cerro 
Pampa, at the western edge of Pampa del Asador. Some authors have stated that there is a 
decrease in size of obsidian nodules in an east-west vector (Belardi et al. 2006). Recently, 
Franco et al. (2017) report a newly-discovered distal source of PDA more than 170 km 
southeast of Pampa del Asador, in the form of small pebbles no bigger than 48 mm. 
Many archaeological sites in Patagonia register obsidian which was identified as coming 
from Pampa del Asador, sometimes reaching distances of 800 km from the main source (e.g., 
Ambrústolo et al. 2012; Méndez et al. 2009; 2012; Stern 2004; 2018). 
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2.2. Archaeological sites 
2.2.1. Cerro Casa de Piedra 7 (CCP7) 
This is one of several caves and rockshelters facing north on a volcanic rhyolitic hill. 
While the palaeolakes were at a high level the whole hill was configured as a peninsula 
entering the lake. CCP7 was once a big rockshelter, but ca. 3600 cal. years BP it suffered a 
series of rockfall episodes, sealing the west wing and turning it into a smaller cave. The total 
surface excavated is 19 square meters. CCP7 has occupations dated between ca. 12600 and 
3600 cal. BP. Obsidian is the most commonly used raw material on this site. On the other 
hand, even if basalt or andesite is used throughout the whole sequence, its representation is 
always low. Basalt or andesite and obsidian are both non-local raw materials. The first comes 
from a distance of around 25 km and the latter comes from Pampa del Asador, located 40 km 
away from the site (Civalero & Franco 2003). The category “Others” is composed mostly by 
rhyolite and other types of siliceous rocks. A large number of paintings are featured at this 
site and other caves on the same hill. The rock art in this area reflects similarities with earlier 
styles that were identified at Río Pinturas (Gradin et al. 1976) (Figure 2a).  
 
2.2.2. Milodon Norte 1 Cave (CMN1) 
This cave is oriented to the north-northwest, facing one of the many creeks that descend 
to Lake Pueyrredón. It is located in the northwest portion of the PPS Basin, 1.5 km away from 
the northern margin of the previously mentioned lake and 300 m ASL. During the existence 
of the great palaeolake, this cave would have been very close to its shoreline. CMN1 has the 
longest chronological sequence of the PPS Basin with occupations ranging from 8800 to 1800 
cal. years BP. In most parts of the total 10 m
2
 that was excavated, a tephra layer was 
identified. This volcanic ash was macroscopically related by Stern to the 7900 cal. years BP 
eruption of the Hudson Volcano (personal communications with Charles Stern in 2018). 
Regarding the origin of the lithic raw materials used in this site, andesite from River Tarde's 
secondary source (the same source used at CI1) can be found 35 km away, while obsidian 
from Pampa del Asador is located 80 km away. Both are considered as non-local raw 
materials. There is rock art identified at this site but the features of the cave walls and the 
presence of cattle in the past have affected its conservation (Figure 2b). 
 
2.2.3. Cerro de los Indios 1 Rockshelter (CI1) 
This rockshelter lies on the northern face of a cliff facing the centre of a glacial plain left 
behind by the PPS palaeolake. The site has a special topographic setting, enabling a full 
visibility of the basin below and, in reverse, it is visible from long distances from all 
directions. The chronology of CI1 begins at ca. 4200 cal. years BP. Eighteen 
14
C dates were 
used to isolate 5 statistical segregated chronological groups and two temporal blocks divided 
by a long hiatus of ca. 1000 years in the stratigraphic sequence which seems to be a 
chronological singularity of CI1 deposit (Guraieb 2004). Abundant archaeological evidence 
recovered from CI1 stratigraphic layers in nearly 40 m
2
 of excavated sediment enabled 
different intra-site approaches. Lithic technology mainly used three kinds of rocks: andesite, a 
local raw material, a variety of siliceous rocks, and obsidian (considered a non-local 
resource), which was brought in from Pampa del Asador, 50 km away from the site. 
Along two differentiated sectors on the CI1 rock walls, a large number of paintings and 
engravings can be found, proving a close relationship with some of the latest Río Pinturas 
rock art styles (Gradin et al. 1976) (Figure 2c). 
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Figure 2. General view of a) Cerro Casa de Piedra 7 (Burmeister-Belgrano Basin), b) Cueva Milodon Norte 1 
and c) Cerro de los Indios 1 (Pueyrredón-Posadas-Salitroso Basin). 
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2.3. Chronology 
In order to arrange the lithic information, we built a series of tentative periods using 73 
radiocarbon dates: 17 from CI1, 14 from CMN1, and 42 radiocarbon dates from CCP7. 
14
C 
dates from the three sites were obtained in different laboratories and at different times. They 
were calibrated with CALIB 7.0.4 using the terrestrial calibration curve for the Southern 
Hemisphere SHCAL13 (Hogg et al. 2013), and a two sigma confidence. Three radiocarbon 
dates from CCP7 with standard deviations greater than 200 years were not included. For 
further information about chronological samples, see De Nigris et al. 2004 (CI1) and Sacchi 
et al. 2016 (CMN1 and CCP7). 
We organized all available calibrated dates by mixing those that belonged to PPS and BB 
Basins in order to create six periods with an arbitrary extension of 2000 years. Gaps between 
periods were established considering that the midpoint of the last calibrated range of a period 
should fit completely within this period. At this stage, there has been no taphonomic bias 
analyses carried out for the last 2000 years, given that we are not conducting a chronological 
nor demographic study which could be constrained by time-dependent taphonomic biases 
(Méndez et al. 2015; Surovell & Brantingham 2007) (Figure 3). 
 
 
Figure 3. Statistical sum of probabilities for chronological calibrated ranges of CMI1, CI1 and CCP7. 
 
Mid and early Holocene periods, best portrayed in CCP7 and CMN1, concentrate the 
largest number of radiocarbon dates (Civalero et al. 2007; Sacchi et al. 2016). Late Holocene 
is best represented in CI1, located in the middle of the PPS Basin. The chronological 
sequence of CI1 was divided in two Blocks (Initial and Recent) by a chronological hiatus of 
ca. 1500 years. This feature, which could be interpreted as an interruption in site occupations, 
appears to be a particularity of this deposit and does not imply the synchronic abandonment of 
other sites in the PPS Basin. During the time in which CI1 is not inhabited, in the northern 
sector of the PPS Basin, CMN1 has a very subtle occupation, with little archaeological 
evidence. In a similar way, between ca. 7500 and 8300 years BP, there is a probable 
occupation gap at the site CMN1 (PPS Basin), while CCP7 presents a more continuous 
sequence. All these characteristics should be better assessed in future research (Figure 3). 
 
2.4. Archaeological record considered 
This analysis encompasses samples of three typological artefact classes (sensu Aschero 
& Hocsman 2004) from different periods of occupation of each site. These are unifacial and 
bifacial retouched stone tools (RA), unretouched stone tools with ultra-marginal traces 
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(UAMT) (sensu Aschero 1975; 1983) and cores (C). From the total number of raw materials 
of each assemblage we isolated quantities and percentages of basalt or andesite and obsidian; 
the rest was labelled and quantified as "Others". A lithic analysis followed the macroscopic 
approach proposed by Aschero (1975; 1983) as is widely used in Patagonian archaeology. We 
do not address here specific technological aspects of the analyzed lithic assemblages. 
However, there are some documented variations in different sectors of Patagonia that can be 
useful in terms of a broad spatial and temporal scale. The most prominent difference refers to 
the sizes and thicknesses of retouched artefacts. The sizes of the assemblages belonging to the 
earliest moments of occupations of Patagonia are larger when compared with those registered 
for the most recent periods (Civalero 2016).  
 
3. Results 
The following tables display a short summary of the raw material selection for each site, 
chronological period, and typological class category considered. 
 
3.1. Cerro Casa de Piedra 
Initial evidence of settlements at the Belgrano-Burmeister Basin comes from four 
archaeological contexts of CCP7, the oldest one stands directly on top of a layer of 
Pleistocene megafauna excrement. Lithic assemblages from all periods are characterized by 
high frequencies of obsidian, scarce basalt or andesite, and a third category composed, 
primarily by rhyolite and siliceous rocks. The values of each typological class may be 
interpreted as a sign of high occupation redundancy in every period. Nevertheless, it is 
evidence of a steep decline in lithic assemblages size in those contexts belonging to Mid-
Holocene (4000 to 6000 cal. years BP) as well as a new growth towards the final occupations 
of CCP7 during the last period. Retouched artefacts are the most abundant category in every 
raw material and in every archaeological context. The prevalence of obsidian over basalt and 
andesite is maintained throughout the CCP7 sequence. In general terms, cores are scarce 
when compared to the rest of the categories, although obsidian cores predominate widely and 
those of basalt or andesite are practically absent (Table 1).  
 
Table 1. Cerro Casa de Piedra 7 (CCP7) lithic assemblages by period. RA: Retouched artefact; C: core; UAMT: 
Unretouched artefact with marginal traces.  
CCP7 Basalt-Andesite Obsidian Others Totals  
Period (BP) R.A. C. UAMT R.A. C. UAMT R.A. C. UAMT R.A. C. UAMT Total 
10000-12000 45 - 2 202 15 68 159 10 40 406 25 110 541 
8000-10000 45 - 2 304 18 95 158 14 20 507 32 117 656 
6000-8000 14 1 1 116 9 30 118 13 12 248 23 43 314 
4000-6000 8 - - 33 5 12 32 1 4 73 6 16 95 
2000-4000 22 2 13 151 11 86 188 11 58 361 24 157 542 
Total 134 3 18 806 58 291 946 49 134 1595 110 443 2148 
 
3.2. Cueva Milodon Norte 1 
This site has smaller lithic assemblages when compared with CI1 and CCP7, having very 
low frequencies in several periods. Therefore, assemblages with less than 20 artefacts were 
not included for temporal trends graphics (Figure 4). Nevertheless, there is a slight increase 
during the 4000-6000 year period BP and a greater one during the final occupations at the 
site. There is a relatively high presence of retouched artefacts and, on the contrary, very few 
unretouched artefacts with marginal traces (Table 2).  
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Figure 4. Selection of obsidian, andesite, and other raw materials throughout time with corresponding tendency 
lines. (a): CCP7; (b): CMN1; (c) CI1. 
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Table 2. Cueva Milodon Norte 1 (CMN1) lithic assemblages by period. RA: Retouched artefact; C: core; 
UAMT: Unretouched artefact with marginal traces. 
CMN1 Basalt-Andesite Obsidian Others Totals  
Period (BP) R.A. C. UAMT R.A. C. UAMT R.A. C. UAMT R.A. C. UAMT Total 
8000-10000 1 - - 1 - - 4 - 1 6 - 1 7 
6000-8000 3 - - 1 - - 11 2 - 15 2 - 17 
4000-6000 7 - 1 15 - 3 41 2 3 63 2 7 72 
2000-4000 3 - - 5 - 1 10 1 - 18 1 1 20 
0-2000 12 - 4 23 1 4 173 5 3 208 6 11 225 
Total 26 - 5 45 1 8 239 10 7 310 11 20 341 
 
3.3. Cerro de los Indios 1  
The basal context of CI1 (4000-6000 BP) has very few artefacts (n: 17). Therefore, it has 
not been taken into consideration to represent temporal tendencies (Figure 4). The data set 
(Table 3) shows values from different artefact classes grow towards the latter period, although 
with similar proportions between classes. Retouched artefacts are the most represented 
compared to the other artefactual classes, while cores are the less represented in all periods. 
This can be related to the estimated function of the site as a residential settlement, with fewer 
activities linked to lithic tools manufacture (Guraieb 2012). Although siliceous rocks 
dominate the raw material selection in all periods at CI1, values of andesite and obsidian 
begin to grow towards the end of the occupation (Table 3). 
 
Table 3. Cerro de los Indios 1 (CI1) lithic assemblages by period. RA: Retouched artefact; C: core; UAMT: 
Unretouched artefact with marginal traces. 
CI1 Basalt-Andesite Obsidian Others Totals  
Period (BP) RA C UAMT RA C UAMT RA C UAMT RA C UAMT Total 
4000-6000 4 - - 4 - - 9 - - 17 - - 17 
2000-4000 275 43 66 290 30 145 979 35 100 1544 108 311 1963 
0-2000 398 21 203 369 11 156 783 32 155 1550 63 514 2127 
Total 677 64 269 663 41 301 1771 67 255 3111 171 825 4107 
 
4. Discussion and final remarks 
Both basins had a very early initial occupation before the Pleistocene palaeolakes began 
to drain towards the oceans. The basal level of CCP7 (10690±72 years BP [UGAMS-
R00873], calibrated range 12537-12713) is the oldest context, of the end of Pleistocene. There 
is no available data for the same period in the PPS Basin. Its chronological sequence begins in 
the next period (8000-10000) in the northern portion of the basin. CMN1 basal level has 
7982±45 years BP [AA-101222], (calibrated range between 8632 and 8988 years). The first 
occupations of the southern portion of the same basin begin later on, towards the end of 
period 4 (6000-4000 BP). The basal level of CI1 has a chronology of 3860±90 years BP 
[LP455], (calibrated range between 3964 and 4440 years). In those moments, the palaeolake 
had already drained towards the Pacific Ocean and the southern part was available for human 
inhabitation. 
 
4.1. Period 1: 10000-12000 years BP 
The palaeolakes formed in the Belgrano-Burmeister and Pueyrredón-Posadas-Salitroso 
Basin during the Pleistocene-Holocene transition were at the highest level the initial 
populations would face. Human occupations were only found in one of the two Basins. CCP7 
was located very near to the coastline of the BB palaeolake, which stood at 900 m ASL. 
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The abundance of obsidian in all typological classes related to the use of other raw 
materials is clearly implying a low energy route to and from the Pampa del Asador source, not 
limited by the presence of the palaeolake, with an initial peopling coming from the east, 
where obsidian has its source. On the contrary, andesite has a poor proportional 
representation, absent in cores and with low frequency selection for the manufacture of 
UAMT. It may be interpreted as the difficulty of access to the southern sector of the PPS 
Basin where the only known source lies. Nevertheless, basalt or andesite could have come 
from secondary sources close to Pampa del Asador (Figure 1).  
 
4.2. Period 2: 8000-10000 years BP 
BB and PPS Basins had human settlements despite the fact that both palaeolakes levels 
remained the same than during the previous period. CCP7 has five contexts belonging to this 
lapse and, in the northern sector of the PP Basin, CMN1 presents two initial contexts. At 
CCP7 a high proportional representation of obsidian persists in all typological classes, 
absence of andesite cores, and very low frequencies in the rest of the categories. CMN1 was 
also located very near to the coast, at 300 m ASL. Because CMN1 lithic assemblages are very 
small, it is difficult to obtain any reliable information. 
 
4.3. Period 3: 6000-8000 years BP 
According to Horta et al. (2009), the palaeolake of the BB Basin began to drain ca.6900 
years ago, while the one on the PPS Basin began to drain almost a thousand years later. Both 
processes were progressive, and had level fluctuations. Another important geologic event 
during this period was the eruption of the Hudson Volcano (7800 cal. BP) (Stern et al. 2016), 
which could have also restricted the available space (Aschero et al. 2018). The PPS Basin 
should have been the most affected, given the proximity to the volcano. 
Three contexts from CCP7 and two from CMN1 belong to this period. Lithic 
assemblages are small, especially in CMN1. Although there are high frequencies of obsidian 
at CCP7, other raw materials are also used with higher intensities than in previous periods. 
The sole exception is the unretouched artefacts with marginal traces; these can only be found 
in obsidian. As in Periods 1 and 2, there are low frequencies of andesite.  
While frequencies of lithic evidence increase slightly in CMN1 contexts compared with 
the preceding period, this growth is only evident for other raw materials (others).  
 
4.4. Period 4: 4000-6000 years BP 
During the Mid-Holocene, both basins progressively achieved the current lacustrine 
configuration, with a chain of smaller lakes where the big palaeolakes had once been. In spite 
of the addition of the initial context of CI1 (PPS Basin) in this period there are no high 
frequencies of lithic evidence in any of the three considered sites. 
Lithic evidence from CCP7 belongs to a single context. In all typological classes and 
among all raw materials, obsidian displays the greatest proportional representation. In 
opposition, the selection of andesite decreases, without cores and UAMT. 
In this period, the northern part of the PPS Basin appears to be more redundantly 
occupied than before. CMN1 has eight contexts, each of them with very low quantities of 
archaeological evidence. All typological classes are present. Andesite artefacts are the less 
abundant, followed by those made of obsidian and “others” raw materials as the most 
represented.  
The oldest settlement at CI1 (4001-6000 BP) is level 17, a single context with very few 
artefacts, therefore making it difficult to evaluate its significance. Nevertheless, there is a 
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restricted and almost equal utilization of andesite (local raw material) and obsidian (non-
local) in retouched artefacts, the only typological class in the entire assemblage. This 
characteristic persists almost unmodified throughout the whole site's occupation sequence 
(Table 3).  
 
4.5. Period 5: 2000-4000 years BP 
This is the last period in which these three sites are present, although they all account for 
different tendencies in raw material selection. There is an increase of sample size in the five 
archaeological contexts from CCP7, with high and similar frequencies of obsidian and other 
raw materials. On the other hand, due to sample size growth, andesite is represented in every 
typological class although with few artefacts. 
Although the number of contexts for this period decreases, in CMN1 a slight relative 
increase of andesite and obsidian presence can be observed. The distribution of raw materials 
amongst typological classes remains approximately similar as in previous periods, without 
andesite or obsidian cores, and very scarce UAMT. 
The eight contexts, corresponding to the initial effective occupation of CI1, show a 
restricted use of andesite, while obsidian (non-local) maintains a stable trend with regards to 
the previous period. There is a clear selection of raw materials related to certain typological 
classes; for instance, andesite cores or obsidian unretouched artefacts with marginal traces 
(UAMT). The category of retouched artefacts is led by “others” (different varieties of 
siliceous rocks) (Guraieb 2012). 
 
4.6. Period 6: 0-2000 years BP 
Four contexts from CMN1 and eight from CI1 belong to this late Holocene period. 
Sample sizes of each context are bigger than in previous periods, which indicate a more stable 
occupation of both banks of the PPS Basin. In CMN1, the selection of other raw materials is 
predominant, followed by obsidian and andesite, with low percentages. There are no andesite 
core and only one of obsidian. 
In the latest period of occupation of CI1, percentages of andesite and obsidian become 
almost equivalent. The use of andesite grows at the expense of other raw materials, 
substituting them in the manufacture of the same artefactual groups. These characteristics 
pose an interesting difference with the selection of raw materials observed in CMN1, where 
other raw materials such as siliceous rocks or rhyolite have a better proportional 
representation (Figure 4).  
 
5. Summary 
Regarding the impact of the evolution of both palaeolakes in the availability of andesite 
and obsidian, we observe different situations for each archaeological site based on the 
analysed data.  
a) As previously mentioned, in the Burmeister-Belgrano Basin, obsidian is the most 
represented raw material, in spite of not being of local acquisition. This preeminence stands in 
all periods indicating that the route to and from Pampa del Asador source had no 
impediments. Not even the largest size of the palaeolake affected the circulation between the 
southern and eastern sectors of the basin, which is evident in CCP7 lithic data (Table 1). On 
the contrary, basalt or andesite does not exceed 10% at any time, with a flat tendency line. 
Although nodules of this raw material are found at the same locations as obsidian, this 
provenance cannot be assured since there are no geochemical analyses done to basalt or 
andesite samples from CCP7 and Pampa del Asador. Should any variety of basalt or andesite 
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come from this source or nearby areas, as established by some authors (Belardi et al. 2006; 
Espinosa & Goñi 1999), it would not have been selected with the same intensity as obsidian, 
and would have been oriented to the production of only a few types of artefacts. The tendency 
line representing the evolution of the remaining raw materials throughout time starts to climb 
towards the latest moments at CCP7 probably because local landscapes began to be available 
for circulation and procurement of a greater variety of resources (Figure 4). 
b) During the initial occupations at CMN1 (northern sector of PPS basin) the palaeolake 
level was below 300 m ASL, with a shoreline very near to the site. That is why some routes to 
Pampa del Asador were not available, thus increasing the distance to this source. In addition, 
the Río Tarde andesite source was inaccessible at this time due to its location on the southern 
margin of the palaeolake. Through time, other raw materials prevailed in CMN1 lithic 
assemblages. With lower values, there is an increasing tendency to the selection of obsidian, 
and conversely, a decreasing tendency regarding basalt or andesite. Its provenance is 
uncertain, although a part of it could come from the Rio Tarde source (Figure 4). 
c) CI1 shows a very frugal utilization of obsidian, with figures of around 24% in all 
periods and a slight increment towards the latest moments of occupation. Since its access was 
never restricted, the selection is intentionally oriented to the manufacture of certain kinds of 
artefacts. The use of andesite, a local raw material obtained very near to CI1, appears 
nevertheless to be as selective as the use of obsidian. Only towards the end of the 
chronological sequence of the site do the percentages increase, at the expense of a decrease in 
the use of other raw materials, such as siliceous rocks, of what can be inferred a greater 
stability in occupations (Guraieb 2012). 
Previous studies have compared the percentage of representation and the circulation of 
raw materials, both for the Pueyrredón-Posadas-Salitroso basin (Cassiodoro et al. 2004; 
Guraieb et al. 2006 among others) and for the lakes Belgrano-Burmeister (Aschero et al. 
1992; Bellelli & Civalero de Biset 1989). However, this is the first attempt to integrate 
information from three sites (caves and rockshelter) in both basins whose chronological 
sequences overlap in time, from the late Pleistocene to the late Holocene. This comparison 
also enabled the evaluation of the incidence of those palaeolakes modelling the circulation of 
raw materials in both basins over time. Pending studies include geochemical analyses of 
different basalt or andesite varieties and a more detailed look on the “Others” category, which 
in each site includes different lithologies. 
We focused the analysis on palaeoenvironmental and palaeogeographical changes which 
could have posed a constraint for hunter-gatherers movement across the Holocene. In this 
case, constraint imply long detours or substitution of raw materials; because palaeolakes were 
no physical barrier during most of the time. On the other hand, raw material availability does 
not depend only upon landscape distribution of suitable rocks but also upon other social 
considerations that without any doubt changed over time.  
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